including professional journals. One such group of scholars has already begun the arduous task of tracing the historical origins of science and technology. Moran [6] provides an overview of this research; Kynell and Moran [7] contribute a more recent update. Tebeaux [8] [9] [10] , for instance, has researched technical communication in medieval and Renaissance England. Others have described historical contributions by women [11] , [12] .
Genre studies have also played a prominent role in describing and contextualizing the scientific and technical journal as genre. Bazerman [13] traces the development of the journal article in the field of physics. The research by Berkenkotter and Huckin [14] of 12 scientific journals expands Bazerman's study. Swales [15] analyzes the various parts of the research article. Atkinson [16] contributes sociohistorical analytical methodology in his study of the Philosophical Transactions of the Royal Society of London. Finally, Orr [17] , as part of IEEE TRANSACTIONS ON PROFESSIONAL COMMUNICATION Special Issue on Engineering Genre, has described genre in the fields of computer science and computer engineering.
Finally, numerous studies of the emergence of disciplines have traced the evolution of a variety of scientific and technical fields by studying their writing: geology [18] , experimental parapsychology [19] , sociology [20] , astronomy [21] , physics [13] , biology [22] , ornithology [23] , and occupational therapy [24] . In general, these studies attempt to show the relationship between the evolution of the field's writing and the professionalization of the field itself. The common methodology compares changes in content and organization, in graphical presentation, in parts of the research article and/or in linguistic, grammatical, and syntactic structures with the evolution of the field professionally. Such professionalization may be evidenced by factors such as the appearance of professional associations and journal publication, methodological sophistication, membership dynamics, contributions to theoretical knowledge, prominence and influence of individual members, attainment of professional acceptance, and exclusionary forces, that is, of expert from amateur. Analysis may involve linguistic, rhetorical, sociological, and/or philosophical approaches that include either quantitative or qualitative methods or both.
One avenue for such historical research is an analysis of the data obtained from articles published in technical and scientific journals. Because a historical search spans both decades and centuries and can include many volumes of articles, an efficient research methodology is essential in facilitating the process. My purpose here is to propose a flexible methodology that researchers can incorporate into their historical studies of the written discourse of scientific and technical communication. Specifically, I will do the following:
• suggest a rich, multimethod research design that uses a specific sampling methodology and selection of variables;
• recommend a time continuum useful for the research of scientific discourse;
• suggest a number of ways, both formally and informally, quantitatively and qualitatively, to use the numerical data obtained from this methodology. [29] , and Spyridakis [30] ).
Other researchers favor multiple approaches. In fact, Charney [31] points out that quantitative and qualitative methodologies are most effective when viewed as complementary or even overlapping. Qualitative analysis is described by Sullivan and Spilka [27] as a complex and versatile methodology that can be implemented throughout the research process. Berkenkotter and Huckin [14] , for instance, combine interview methodology with a quantitative analysis of a systematic sampling of scientific journal articles. Quantitative studies are also compatible with alternative research methodologies. For instance, Atkinson [16] integrates rhetorical analysis with multidimensional register analysis, and Longo [32] In particular, the value of both methodologies has already been described by Charney [31] and Markel [33] .
Similarly, the methodology described here may be viewed as a rich, multimethod design that historical researchers favoring numerous methodologies may incorporate into their research. This approach outlines a methodology where 1) numerical data is gathered from a large body of discourse; 2) data is then plotted in various ways in order to narrow that large body of discourse into a much smaller subsection for further research; and 3) if the data warrant further analysis, that subsection of discourse is then studied in-depth. In this way, historical researchers may sample a very large body of discourse in a relatively short time and then, after quantitatively analyzing the results, continue their research in a number of ways: 1) focus qualitatively on specific time periods, authors, movements, and other areas of interest uncovered by the data; 2) continue with further quantitative analysis; or 3) implement other methodologies such as critical research [34] . Thus, the methodology described below is a multifaceted means for analyzing a large body of historical data.
As a result, this methodology may provide a significant savings of time for both qualitative and quantitative researchers. Take, for example, a researcher studying the publication history of a field, the journals of which span the last 150 years. A qualitative approach may involve interviewing noted contemporary authors and surveying the profession's active members. However, this approach will not be possible for the first hundred years because subjects living in this time period are deceased. Thus, a determination must be made of the significant figures, events, and movements of the time. Biographies, autobiographies, and professional and personal correspondence must be discovered and analyzed to approximate the results not obtainable through interviewing and surveys. For quantitative researchers studying the same database, coding and interpreting enormous sets of data from potentially thousands of articles is a daunting task. On the other hand, if a means can be found to pinpoint a critical time span of the historical topic under study, historical researchers may then be much more productive. They could customize their research, whether qualitative or quantitative, to a more limited span of time using the set of procedures described below.
The method I suggest is not intended to invalidate other methodologies. It may be used on its own or may complement and facilitate current methods. Because the methodology may be integrated into either qualitative or quantitative studies, it provides the complementary relationship between the two methodologies that Charney [31] and Markel [33] describe.
THE METHODOLOGY
The proposed method outlined below moves from a quantitative to a qualitative approach. Those who focus on qualitative research may wish to implement the methodology when a large body of potentially useful data is encountered. At that point, the following methodology will aid in narrowing down the database for further qualitative analysis. Finally, steps one through nine may comprise the procedure for a quantitative approach. Fig. 1 shows the following sequence of steps.
1. Determine the focus of the historical study by developing a specific research question or hypothesis, selecting the relevant journal(s) in the field, and determining the appropriate number and kinds of variables and factors to be used in analyzing the count data generated by the study.
2. Search for overviews of the profession, provided, if possible, by the field's own scientific or technical community.
3. Use systematic sampling and select a database of articles for analysis.
4. Read the articles, placing each one in a historical data matrix representing the historical continuum discovered, or created, in step 2.
5. Plot the data from step 4 in order to look for historical patterns and to refine the factors and levels of the data.
6. Identify changes in the discourse over time, such as in the use of graphics, formatting, and citations in the cross section of articles.
7. Analyze a smaller sample of the original body of articles.
8. Use categorical data analysis on the numerical data obtained from the study.
9. Develop discourse schemas.
10. Implement qualitative analysis.
It should be noted here that a related methodology is content analysis. See Berelson [35] for the standard description and de Sola Pool [36] for implementation. Krippendorf [37] and Weber [38] offer more recent descriptions. I describe the methodology in step eight below.
Briefly, content analysis gathers inferences from texts by means of quantitative and qualitative methods. The methodology is useful in historical studies since it allows the researcher to infer events from texts that are located in their appropriate historical contexts [37, p. 24] ; see also Weber [38] for numerous examples.
However, unlike content analysis, the purpose of the methodology described here is to narrow down a large body of information in order to focus on a smaller, more informative and more manageable body of data. Qualitative content analysis, which I mention in step ten, may be used for this latter set of data. Likewise, individual components of the methodology may employ quantitative content analysis. For instance, step seven's linguistic methodology is akin to content analyses based on interpretation of indices [37, p. 40] . Content analysis may also be used to prepare data for the categorical data analysis described in step eight. Weber [38] best describes computer applications for this purpose.
I have used the methodology described here in a recent study of the professional literature in the field of ornithology (Battalio [23] Because count, or categorical, data analysis (described in step eight) uses data tables, or matrices, as a basis for its calculations, the study is more effective if the variables, or factors, of interest described above can be selected based upon their ability to be coded into multiple levels, as for instance, levels of graphics as for lay, amateur, and professional reader; levels of sentence structure as simple, moderate, and complex; levels of changes in argumentation as methodological, theoretical, and model-oriented; and so forth.
Throughout the collection process, the researcher should look for additional data categories that sometimes become evident only during the actual accumulation of data. If the study can be designed so that at least one variable, or factor, has only two levels and is a distinct response variable (that is, a dependent variable upon which the other variables operate), then more sophisticated statistics as described in step eight may be implemented. For instance, in a hypothetical study, a researcher is studying the professionalization of a technical field by analyzing a database of articles from the field's journals. S/he has determined an approximate date of professionalization and has hypothesized that a number of factors, or independent variables, such as sentence length, changes in graphical presentation, article length, and professional collaboration can be used to identify the time span within which the field has professionalized. Numerous researchers use such empirical evidence to evaluate the maturation of professional fields [13] , [18] [19] [20] [21] , [23] , [24] .
Thus, the dependent variable, professionalization, has two levels-yes or no. The independent variables have varying levels depending on the kinds of data collected. The researcher would then compile a table for each independent variable. For example, if the researcher had grouped professional collaboration into three levels of authorship of 1, 2-5, and 6+ authors, the table would appear as shown in Table I . That is, in row one, of the 71 single-authored articles, 64 were written prior to the determined date of professionalization; 7 were written afterward, and so forth.
If this level of data categorization is not possible, categorical data analysis still provides useful descriptive information. The reliance on levels of factors do point to a disadvantage of categorical data analysis, since it is ordinarily better statistically to collect continuous data through simple random sampling in order that ANOVA and regression methodologies can be implemented. Of its nature, categorical data analysis, which relies on grouping individual data values within the levels of the factors being analyzed, does cause some loss of information which creates a need to supplement statistical findings with qualitative historical research. If nothing else, statistics can at least direct the researcher toward the most useful factors and data for further study, as described in step ten below.
Search for a Historical
Overview A historical overview of the field or research topic is an invaluable aid in data collection and analysis. Such an overview not only directs the researcher to specific time periods of interest, but it also parallels the establishment of statistical norms. Acquiring a historical overview may be likened to determining benchmark values, as in formulas for determining the number of observations needed for random sampling whereby the accuracy of the results (in t or Z table values), the variability of the sample (σ or σ 2 ), and the width of the interval (E) are calculated. Two common methods for determining these statistical norms are to review the statistical literature for commonly accepted values or, if none exist, to do a pilot study to obtain these values. Similar methods may be used by the historical researcher: reviews of the literature and interviews with key figures provide historical context; pilot studies may also be conducted.
Reviews of the Literature:
Researchers of technical and scientific discourse should first perform a literature review of the target field itself, of related historical fields and of journals focusing on discourse studies in order to obtain a historical overview. Connor [5] 
Identify Historical Patterns by Plotting the Data
Once the data are gathered, the researcher should obtain an overview of the entire set of raw data because a preliminary look at this data may help to determine which components of the data will be useful for further analysis. Descriptive statistics, whereby the complete set of data is simply plotted in tables and graphs, provides such an overview. In addition to the count-data matrices (see step 1) and data tables (see step 4), graphs also provide insight into newly obtained numerical data. Line graphs are especially insightful for historical research since a major focus is to identify changes over time.
Such graphs can be easily created using the data table from step 4 since a systematic sample has been used as the database and the use of the historical continuum has organized the data chronologically. The researcher may use a computer spreadsheet program, like Microsoft Excel, to draw line graphs (or bar graphs) that plot time along the horizontal axis in order to search for patterns of historical change. Such plots are also useful in determining the kinds of inferential statistical procedures to be used in analyzing the raw data (see step eight), as well as in refining the kinds of variables and levels of factors used in the study.
Three examples show the value of plotting historical time lines. In a study of the probability distribution of the age of references in engineering papers, Matricciani [51] uses the graphic shown in Fig. 2 After occurrences are counted and insufficient cell counts are eliminated (see step 3), the data may be grouped into periods (for instance, 10-year segments), averaged and graphed as frequency distributions. Transforming the data into time-line graphs will show positive or negative trends in the linguistic features under study. As explained in step 5, such graphs will provide a preliminary view of the linguistic changes over the time span of the journal being analyzed in the same way that Fig. 3 shows changes in the lengths of astronomers' articles. Linguistic patterns may likewise correspond to the historical changes in the discourse.
Because linguistic study necessitates relatively small databases, time lines that show decided positive or negative slopes should be the focus of the analysis, rather than a one-period irregularity that may be caused by a particular author's overuse of the linguistic feature being analyzed. These slopes most likely point to those linguistic features indicative of the most change over time and are consequently the most useful for distinguishing the discourse of science and technology. In particular, the data associated with these slopes are the most useful for inferential statistical analysis (see step 8) . Regardless of the methodology, linguistic analysis of individual articles creates the possibility of documenting only individual writers' styles because an individual writer's influence cannot be completely separated from any piece of discourse. There will always be some variance in the empirical results of such a study. Individual writers make decisions about their writing based upon past experience, the limitations imposed by the discourse, and the audience itself. The linguistic data obtained from individual authors' styles is best viewed as an indication of and generalization about the type of writing style typical of the discourse of a particular field.
Implement Categorical Data Analysis
The first seven steps above have shown that a researcher can obtain useful information by descriptive statistics. As Fig. 1 indicates, step 8 may be considered an optional one, depending upon the researcher's expertise in inferential statistical analysis. For an introductory overview of quantitative analysis, see Goubil-Gambrell [25] and Spyridakis et al. [56] . MacNealy [29] , Lauer and Asher [26] , and Spyridakis [30] provide more comprehensive descriptions.
Here I will describe the use of content analysis and commercial statistical packages. However, this overview does not pretend to substitute for a formal study of statistical analysis. On the contrary, academic study of statistics provided by many universities is a prerequisite to full use of statistical analysis. Campbell [3] offers an analysis of the strengths and weaknesses of current research-methods courses in programs in business and technical communication.
Still, personal computer software programs, such as PC SAS and advanced spreadsheet software programs, are making the job, at least of obtaining the calculations, much easier. On the other hand, those without statistical expertise may wish to work in collaboration with a colleague in the math or statistics department.
Content Analysis: Historical researchers, whose subjects and contexts may no longer be directly accessible for qualitative study, may still simulate such contact through content analysis, a means of obtaining information by indirect methods. Krippendorf [37] provides the following examples. A linguist may focus on the words and expressions found in documents. A sociologist may derive the meaning of an act by placing it in its social context. A communication researcher may document influence on audience, cultural distinctions, and institutional constraints by interpreting a message "in relation to a sender's intentions, to a receiver's cognitive or behavioral effects, to the institutions within which it is exchanged, or to the culture within which it plays a role" [37, p. 24] . Psychologists have used content analysis to determine issues such as "writer's cognition, attitudes, personality, [and] psychopathology" [37, p. 25] by analyzing personal documents.
Garraty [57] In brief, texts may be classified by paragraph, word, word sense, sentence, or theme in accordance with results obtained in the previous steps. Texts may then be coded either by hand or by a computer programmed to implement various standardized classification themes. Krippendorf [37] provides examples that describe hand-coded methodologies. Weber [38] describes the use of computers to produce content analyses of texts.
It should be noted that content Table III offset in varying degrees the problems with the standard chi-square.
In particular, the likelihood ratio (G 2 ) has become popular because of its statistical properties. As a result, it is especially applicable for the log-linear procedures described below since the statistic may be used like the sum of squares in ANOVA and regression models. Fig. 4 (a) [61] . Fig. 4(b) shows the minimalist theory of mind schema reinforcement [62] . Fig. 4(c) is the discourse schema representing the progression from natural history to experimental science ornithological discourse, shown by the horizontal arrow [23] . Since the last example is taken from a study that follows the methodology described here, a That is, after the researcher accumulates personal written artifacts, such as letters, book reviews, and short commentaries, or written artifacts surrounding a particular historical period or event of interest, a content analysis may then be made of these texts in order to determine such things as the mental attitude of the writer; the influence of the document on historical events; and the evolution of theories, opinions and ideas.
Though content analysis is often conducted quantitatively, for instance, by obtaining frequency occurrences of vocabulary or grammatical usage, it may also be used qualitatively (see George [67] and Thompson [28, p. 51] ). In particular, Thompson [28] shows the value of content analysis in obtaining functional, rhetorical, ideological, intercultural, and feminist perspectives.
Another advantage of the 10-step method proposed here is that by ending with qualitative analysis, the research remains open-ended. Unlike quantitative analysis, which seeks specific answers from the numerical data, qualitative analysis, through its more expansive approaches and data collection, often finds new questions to be answered. As a result, such a study may end by suggesting the next avenue for research, thereby satisfying a major characteristic of well-designed research studies-that they advance future scholarly inquiry.
CONCLUSION
The 10-step process outlined here is one method for systematically collecting historical information from a study of a large body of scientific and technical publications. I offer it as one framework to assist in establishing technical communication as a legitimate academic discipline. Most importantly, it is a multifaceted means for analyzing a large body of historical data: it may be embedded within a qualitative study that encounters a large body of data in need of such analysis; it may be implemented as its own quantitative study; or it may be used in conjunction with other methodologies such as critical research.
To summarize the procedure briefly, the analysis begins by first determining the focus of the historical study. The researcher then searches for overviews of the field under study. Aided by this knowledge, the researcher uses systematic sampling to select a database from the entire body of work. After this database is read, its data are placed in a historical data matrix. These data are then plotted in order to search for historical patterns or to refine the data further. Next, changes in the discourse over time are identified, and linguistic analysis is implemented. Categorical data analysis may then be used to gain further insight into the implications of the data that have been collected. Discourse schemas are developed to put the findings in perspective. By this time, the study should have revealed both historical patterns in the discourse and time periods critical in the evolution of the professional field under study. Finally, depending upon the research question under study, conclusions may be drawn or further research may ensue.
The methodology has implications for future research in that it may be used to enhance a number of previously published historical studies that employed the analysis of journal articles. For instance, the study by Allison [19] of the inability of experimental parapsychology to enter into mainstream science is based largely on member surveys. Since experimental parapsychology's methodology and research topics are two major obstacles in the field's inclusion into mainstream science, a further study might survey the evolution of these two obstacles over the life of parapsychology's two journals using the methodology described here. The study of the professionalization of American sociology by Kuklick [20] includes the use of sociology journals to document a specific topic, the continuing search for identity and status. If the full range of research topics were now sampled and analyzed as described above, the almost 100 years of publications should hold a wealth of information into the evolution of the field. The study of British geology by O'Connor and Meadows [18] makes general assertions about the increasing specialization and exclusivity of the field by focusing on a number of amateur and professional, as well as various provincial, geological publications. A more specific analysis of a large body of journal articles, as described here, from the two major British geological societies might pinpoint a more specific time period for the break, which could then be studied in greater depth. Finally, Brasseur and Thompson [68] , arguing for further historical analysis of technical communication, demonstrate gendered ideology in three sets of illustrations from two 17th-century medical manuals. This study might be expanded to an analysis of gendered ideology over the life of medical manuals by following the methodology described here. That is, a random sample of 17th-century medical manuals would be selected for analysis. From these manuals, illustrations deemed appropriate for an analysis of gender ideology would then be identified, and a random sample of these illustrations chosen for analysis. These are just four of the many historical studies of journal articles that historical researchers may target for further research using the methodological approach just presented.
Latour [69] provides researchers studying the evolution of science a means for studying the origins and development of scientific thought, community, and discourse. Essentially, he argues for the need to move historically back to the origin of controversies-to the making of knowledge-rather than to investigate ready-made science, that is, science whose theories and precepts have already been black-boxed into certified, accepted "certainties." In other words, to understand who you are, you must know where you have come from. By researching the historical origins and evolution of the technical and scientific professions, scholars have the opportunity to describe more fully the evolution of these disciplines. The framework proposed here should assist in this discovery.
